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7>°J^> ^3.^ ^-71 (BT)ofl S]*fl <&^£)i=. Si* tg-SH-y) #1=HH nl 

^71^1 ^» #o^<H -§^7H1 *}i=$M ^^A] til-g-^ ^ olTfl ^rf. 

£ 4 
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a.5J^l = ^6fl v|o} ^ o.^ ^L^Eil- ^ ^^cl^^7>^^ ^{Digital 

subscriber line modem having adaptive filter for compensating null generated by bridged 
tap} 

£ l£r f^Hfl QAM 5E^r CAP y o V ^^ 3:al^^^^7><a^ H.^ T 1 ^* 

£ 2^ ^Jl#^^1^7><a^ ^fl^] tg^S ^1 0 11- 0 1 ^EHd€ ^7l(BT)^ 

fat M-^-^H 

£ 5^ ^ ^ ^€^21 ^-033 (pole-zero) r^l 0 ^^ ^^K 1 * M-e} 
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<8> «vt^ o. ^ji^^^l^7]-^^>^-(VDSL:Very high rate Digital Subscriber Line) 2.^°fl 

*3rtr ^M1*>711^, CAPCCarrierless Amplitude and Phase modulation) JE^ 

QAMCQuadrature Ampl itude Modulation) ti o^^ si^r^^l ^7V^7V^ JE^o^ ^^7}9) 
ofl ^Ei!- #<y*H 7>^^S^ ^71 (BT: Bridged TapH ^^-^ ^4i2r *1 

<9> C^ig ^-A] Al^EflcH)A^ c]}<* ^ <?1*H #4l^EHH €#^1 HS.7} 

7>^ 41 :M 7j- £7 > ^-^r^r *lM^(FadingHl ^ 

<io> oje^ev ^sfl o]^ 43#^ ^5. <3^8r ^Nrtfl ojei 013 *BKISI : 

InterSymbol Interference, °l*r ISie} tr)£r #41 Aj^efl^ ^jB. &.4i3- 

^f-§-*>4. QAM Al^Eflofl^i- cf^BM ^ nfl^^l ISI <^ 3 ^2|*fl^ Jl^r 

^Tfl trcf. 

<n> ole^tb ISIS ^l^]-<^ Sfl^-^ ^l^lJl* 4^*Kr y A°] ^2}-7] ojcf. 

<12> ISI* ^^71 ^tr 9*^7} ol=o^^j7 ol^D], ~L ^6\)Aj ^?m^7) 

(DFE:Decision Feedback Equal izer)7> l^tr *HMi tfSMl*! 7}^ -f^rtr ^¥-§- 2-°)^ ?J °- 
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<i 3 > £ i£ ^efl qam 5E^ CAP S^H^^IA^A^ ^iH^ fit ^>^> 

<i4> ^m(l)-i- ^-*fl ^^S)^ #^3:^ *im ^AJ]t|-(AfGN) 

o]^ n (t)7> ^-7f£H Sfl^-£M, v^ol^ n ( t )7> 7VSfl^l ^^Jl^ A/D £«-7l(2)<*1) ^«fl 

<is> A/D ^^-71(2)^1^ £^ -frtr < y€i-§- 1 iHFIR:Finite Impulse Response) ^ 

^€ ^^^l€-^5)-7l(DFE)^ ^^^^(FFF: Feedforward Filter)(3Hl ^7}S. 91 

€ 71 (precursor )7> ^7^ ^ 7}*Y7] (4)°1] <?l7>slcf. 

<16> ^^^(FFF: Feedforward Filter)(3Hl £)*fl 7}^7]U)^} 9l7}& $.^3L±= 

€^(FBF: Feedback Filter)(5)^ T^tfl^A-] *)3l^^¥-(6)S. ^V^cf. 

<17> ^111^^(6)^ 7R>7l(4HH #^£]^r <y7K>o} ZL ^IJlS] efl^-i; ^^tfCf. 

<is> 3r)^tiW^EKFBF)fe ^l^^^-¥-(6)^l ^*fl °1*H1 £3=1 ^l^^r 

(post cursor)* *(|7l3r ^ 7K>7l(4)3. 

<19> £ 2^ 2:314^*1 ^7><g*Hh ^^ofl tgsg^ o^s} ^Ol^-O] cfA]^ «-7l (BT)£) 

<20> O] Ei *V *7l (BT)^r *fl^ ^^I7l7fl ^Cf. 

<21> ^WHH 7>^7>(8) n<LsL &*\& §7l^(B)oll>H ^-7lSl<H 

<22> ^-71 (BT)^ 7^ ojl- d E]- ^ nfl, ^a]-^ ^7](BT)1- #«fl 2d^l ^ojoV^ ^^Tfl £ 
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7)S\W £]#o>^ ^Ajjr^ ZL^^l #^41-5^4 180^9] S)^*}?} ^7) 7tf S]^ aV 

<23> ^, ^^IJl^ ^£ ^ A7> §-7l(BT) ^o]^ Sfl^Rr ^*Hr3 3 

■f *fl^ €tt^°ll^ £ 3ofl^2f ^-o] sfl^- ^sHM- f^jo S ^ ^(NULL)ol IHSSMI 

<24> S-7l(BT)«fl ^«fl ^71^ ^ ^2)-^ f 0 ^ 4f£* ^ «fl 

<25> ^ , v 



<26> _ 
<27> __ v _ c _ AT 

2] ^ 4«V«- ^ 

<28> 5. 5.^^Cf. 

<29> ^ ^sHr f 0 ^ ^uflofl ^fl^Hr ^, (2K + l)f 0 \t°l t^Ml 



<31> [-^ai 3] i^ooi^-'^-*-'^ 



<32> 
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<33> 30. ol-g-^c^ £0)7} d o] -g-7l(BTHl #^^1- l °\ -g-7](BT)^ % 

[^wJ-Al 4] |//(/)|- <? ~^ 

<35> S ^ Cf. 

<36> 53 ^ f 0 ^ fo = K/d #317} ^ ^^Hr f 0 °fl^ -&7l(BT)^ ^f-^ 

<38> <H AioflAi f 0 7> -¥-«:*l ^^1^ ^, «-7l(BT)Sl ^o] 7 > *7l(BT)^l 3l^*r 3 

7l7> 16fl ^e*>7ll ^Cf. ttJ-Ej-^, ^Al^(7)ofl^i iL^ ^iJL^r ^:7l(BT)^ B«H| >H ETfl 
Cf. ^, ^-71 (BT)^ ^o] 7 > #-g-^-S. 3. ^o. ^Al^lTll 5^ ^^o.^. ^7^71^ 

<39> o]s)^ ^^M^ Sfl^8: CAP QAM VDSlXH £ H^fif ^ 

<40> ZL&IM-, ^^^l«rl-^7l^ ^7} 3^ gO^ ^ -g- 7 l (BTH ^ ^ 

^17171 ^1-^, o]e^ ^sfl ^ zl ^ 4=|=B.efl*l^B(Shift 

Resistor)^ ^7} ^u)- ^^l^-s^H *fltt *}=3H£] 4#-£7> t^tA EM ^^l'd 

*1*M #7>*>^ ^7> lH8*}7fl 
<41> go] ^ S-Ol ofl-f 3. ^-fofli=. ^^^^.-^l^ ol-g-^><^ *flv| 

3 3^-2--§-# ^SM^H ^ *>fe 3Nfe ^3 0.3. t.Ml7> &th 
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<43> o\9± ^ S-^-g- ^^}7l ^tb ^3 ^i^^^l^7l-^^> T3 o V (xDSL) £^^r 

Q^?) (DFE)^ ^AIA]^^ ^^-^ 0 M1 ^£1tt ^sr>7l ^*fl <#7] ^) 

<44> o}^, ^JjL^ *Qr*$S>\ ti^2l*V ^*H1* ^l*>7fl 

< 45 > 5. 4fe ^-^^1 i^-^Eil- ^-altV 7><y*}'# 2.^ M-B^-tflfe ^ 

<46> 7 >^7>nj- ^^^7} -g-7l(BTH ^*fl IH^^ 

2-°cM- ^^fll«"^^7l<HlAi ^^Sl7l ol^ofl ^^>7fl *fl# ^ ol^ ^ ^^1(10)# 

^«l*Hr ?A^S. , o] ^ *V ^ i^^l(lO)^ SfllgSj ^-7l(BT)<Hl S^H SM^tt ^^Tfl^l 

^dft^ 7M^ ^ J^^UD^ iga] 3*]= ^ ^^^(12)1- 
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<47> vg J±#^(ll)rr ^fll^sMCDFE)^ ^^1^(3)^1 -ti^li^l 3^ 

<48> ^ i^^E^(lO)^ ii^l (Notch) ^Bfl^ ^tHr *5"S* 7Hb i^^Sf 

<49> ^ ^1 ^^(12)^r ^ ^3 *ti\^ ^-7l(BT)ofl <2^fl ^iW^Hl 

<50> ol e-| *V ^ ^31-^1- ^KH^r o_S^ RPE( Recursive Prediction Error) 

7>-f^- J rf$(Gauss-Newton) y <H4* ^>-§-tr4. 
<5i> £ 40^ ^ Ji^BKlDfi}- v| ^^«.(i2) o^o) £ ^ zi^-i-^- -§-<|3 

<52> ^ ^^(10)^ ^l(Notch) ^EflS} ^-i- 2^^1^E^ ^7^ # 

ig-^ s.^* 2*f^ -r-tlrt] -§-^"(IIR : Infinite Impulse Response) ^Bfl^ ^ 

<53> ,,„--■■> — TVCs^-z ') 

<54> - l-2^^-';aW 2 ,0<,< 1 ,0<oc< 1 

<55> 1 -t-ot^-4=2^r" 1 -r-aV 2 2-" 2 



1 -*-r-cx^~ 1 - 



<56> ^HH 9b 2M°J:(radian) ^ ^^Hr* ^BHH , r ^ ^ ( <g 

^ *fltr 31^1" <4b]-^c(-. oc^ e(corn) MB— ^^4. 
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<57> £. 5^r 6 oil "4€- 1 ^-^^ Cfol^^L^jT}- S S.oj:o] ^^f-^^- 

<58> *7l(BT)*m Sl«fl ^Slfe *fl\l J±#*>7l ^sflA^ 

tg- -^-o| ^Jr^-g.^ H Til *fl^M 6 > *>4. 
<59> o]« ^Sfl ^ ^^«.(12)oflA^ ^ SL^^dD^ ^B^# ol-g-*H 3-§- 

< 60 > o)t\, ^7l(BT)^l ^Jtb ^ff^^5] ^ ^^1# ^-§-^0.^ ^*Kr *o v ^ 

<6i> £ £ ^^Hr* f^Kflfe 71^- « C V^^ ^ i^EKll)^ #^ e(nW tfl^ s§ 

ft^o] j^ 7 > £)£r ^*Hr» efl^SRr on- ofls^ 71^71 (gradient)^ RPE <£ 

JIB]^ o.^ nf-g- ofl^ vg ^3HM- 7^ a] (update) SJ-fe 7 >-f 

<62> ^ Ji^EKll)£l #^ e(n)olel- , e (n)^ ^?i3£r 4^14 ^0} 

N§ ^ 5U4. 

<63> ! 



^ ^ ^^C") 



(11H1 °fl^r ^ ^r^Hr «C»)ofl^^ ol«fl vg Ji^El(10)4 ^^-^i^^r ^7>*>7ll 
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<65> aVcflS, ofl^ ^ ^s}-^ -COo] ^1 ^ ^sj-^ofl i^Eidi)^ 

(11)3 ^i7f ^cf. 

<66> £ 6^- ^ ^^<H1 4 2} ^ l±^EKll)3l ^3^# 7l^O.S ^ ^^A] ^ 

<67> £ 6a ^ £ 6b^r ^ 3*11- #*1 *SR-i: 3^ US. (PSD: Power 

Spectral Density)^ fi^t uj-Bj-ifl^ , £ 6c 3*1* ^jSM ^oj-tfl^ gflxg- ^sj-^ «- 

£3 413l^£-§- 3-f3 33 ^E 5 j its] 2.<y=^ M-E^-sflcf. 

<68> r M 

PSOdJ 

^53^ £ 6*11*14 ^--B- 33 US. 3 J~ )j4 £o_h.S. £ 6°IM 

33 ^£21 ^^o] 330I ^7>S r 7fl €4. 

<69> ^ 3 (11)3 ^ftr°J o^=8^ ^o]^, ^tJ-Ai 6^- ^ 

<70> , ^o^lL) 



<71> l-2Scos6z" 1 +8 2 z" 2 



5 = =- , O «= a- < 10 -=<x-=: 1 



<72> _ x » s^v^ 



<73> A/D ^€-7l(2)ofl>H ^3-^ #33°1 ^ i^Bi(ll)^ ^ 3 ^1 ^ 3^ 

St y(n) oj^ji § nfl, ^3 ^ 3^^3 ^* ^ -£#^.(11)3 #3 e(n)£r 
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<74> i . c >. -1,-2 -2 

<75> <^7H)A^ q-1^ cj-^ *1<£ M-Bf^Cf. 

<76> oj ^ % \^^ ^efls. cfAl ^7fl^H 

<??> i-^ai 10] W{rq- l Wri)=W(*q~ X y><ri) 

<78^* 19 9 19 9 

[-Hj-Ai n] ( 1 +raq +r q )e(n)=( 1 +5ag +5 V M w ) 
[^*vai 12 ] <«)+rae(w-l)+re(n-2)=X«)+8qv(w-l)+5X w -2) 

<§Q> 2 2 

[^^vai 13 ] e(«)=-rae(«-l)-r e(«-2)+X") + 5qy("- 1 ) + 8X"-2) 
<8i> oi s^cf. 

<82> ^SVAl 105] ott^ a ofl tfl*)H ^l-g-^, 

<83> r ^-, Al , H- 3^-'> eQ)=*W) + gfSgg^. ^) 

[^^-Xj 14] da da da 

[^^VaI 15] 5 « o>« 

<85> i 3 ef n\ 

[-^ 16 ] <»-l>-*0.-l> 

17] ^C^-)-^f^=5v(«- 

<87> a.vc^) =0 
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ofl^oflel^ ^>ol7> #011-7) fl^fe ^7] ofl^ ^ ^3}-^ *«H| Cfl^ ^--S-^l^ ofl^ ^ 

^-f ^ ^4 ^«C«+1)7> ^^(f 0 ) u o V ^S. ^-^ol £ ^. 

^SJHtt 3« el] d]-o}u-1^(-) ^o_3. -g-^M<^ *Vcf. 

<90> ^^Hl^ 71^711- v(»)ol^- ^2]*}^, m,OX£- ^Aljzf ^-o) jE^l^Cf. 

<91> • deQ) , 

18 ] vw " 5« U "W 

<92> ^ Alofl -*VA1 17 o. tfl«a*>°l 4*1 

<93> 3e(«) _ -8y(M-l)-*-/-e(«-l) _ -SyQ- l)-t-/-gQ- 1 ) 
<94> O] 

^°1 

<96> ^ ^ j 

20] 1 )=«(«)+( l-p)^(w) v|/(w)e(«) 

<97> ^ 7 H1A^ (1-p)^ tiV4^ O.S ^Alsq^r M-EfM-b ^ A>ol^o^ ^-o. o]^ s 
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<98> ^ ^ ^^Hr^ ^o]^^ (l-p)Sl #o) ^-^s. ^cf. o] ui^- ^-o.^ 

\l S)*l» #<>>7Hr ^r^A]^>ol z^*^ c^o) oi^^V, £ 7 ) (BTH tr ^ 3*l7> 

^o> Al^ofl uj-ej- fflV^. ^o) 7pg^}i£ ^7]} uj-^-^l^ 

<99> R(n)£ e4^°J ^l^ofle^ 271) Htf^* M-BNM , £*| » 7 >-f^-^r5 »|J-^»o. 

s. sat).. 

<100> o)S. Uf-Eflfl^ 4^-Jl)- ^-Cf. 

<101> [^«^ 21] ^(«)=^(«-l)+(l-p)(v|/(«) 2 - J R(»-l)) 

<i02> ^ ii A o v €El(ll)^ #3 e(n)^r *r«H 9 tfl^l 13^-S. ^^4. 

<103> E 7<HH$)- ^o] ^ ^ ^^Hr^ #1J$H ^^£) ^ 

<5}.ELS ^ iL^E) (11)51 ofl^ v| ^3K-^r ^^2) Vg ^sK^l ^^Ml ^1 ^)tt 4! 

<i04> o)*> ^ ^.^Ei(ii)ofl ^«fl ^ ^5)^3) a]Jl^^-o) ii>y.^ ^^IJl^ £3*H«"§-S?- 

7)(DFE)^ ^«J-^€^(FFF: Feedforward Filter)(3Hl ^71-sH , o] ^ jq.^ ^ ^?fl:&-§- 
SMCDFEHl S)«H ol^c^x)^ 5J3)- ^*>t}. 
[^S) J" 3)-] 

<105> #^tr «].«*}. ^-o] f ^Jl^t)*)^}^*)- S.^ofl 7 )-^^> ^lS.^-2) 

7l(BT)ofl ^Sfl ^5)fe ^<H1 S)tb £^3-§- ^5(-7l #tHH o} s] iLtf^M ^ 0..§.*j 

Sl^-M: #^ 2:ZL#C)^^7)-<a^ A-Iti)^ *)*)-# ^) Jl f-5)-7)^ # 

^7lofl Sj-JElSflo) ^A) til-g-^- ^ olTll ^Cf. 
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1] 

[^^* 2] 

*n i sa°H. ^7i ^ 

[$^* 3] 

^l(Notch) ^Bflo] S^f 7Mb Ml^fif ^7j]£] ^tHr 7>^1 

*n 2 *<hi sa^i, 

<#7] ^ RPE(Recursive Prediction Error) °^JL^\^-s\- 7f-fi-^f§ 

(Gauss-Newton) «o v ^^- *>-8-*H £ ^^Hr* ofl^f ^3-2.5. SVtt SJl 
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